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UNFERMENTED GEL FRACTION FROM 
PSYLLUM SEED HUSKS 

0001 Pursuant to 35 U.S.C. S.202(c), it is acknowledged 
that the U.S. Government has certain rights in the invention 
described herein, which was made in part with funds from 
the National Institutes of Health, Grant No. DK21712. 

FIELD OF THE INVENTION 

0002 This invention relates to the field of laxatives, 
treatments to lower blood Serum cholesterol and low-calorie 
food thickeners and fat Substitutes. In particular, the inven 
tion relates to unfermented gel-forming polysaccharides 
from psyllium Seed husks and methods for their isolation. 

BACKGROUND OF THE INVENTION 

0.003 Various scientific and scholarly articles are referred 
to in parentheses throughout the Specification. These articles 
are incorporated by reference herein to describe the State of 
the art to which this invention pertains. 
0004 The seed husks of psyllium (Plantago ovata, also 
known as ispaghula) are commonly used as a laxative and to 
promote regular bowel function. Psyllium Seed husks pro 
mote Taxation partially by increasing the mass and moisture 
content of the stool (Marteau et al., 1994, Gut 35:1747 
1752). Additionally, the excreta of animals and humans fed 
diets containing psyllium Seed husk is gelatinous. This 
gelatinous property contributes to laxative properties of 
psyllium Seed husks by decreasing friction in the gut. 
Observed increases in fecal mass and water retention also 
have been attributed to this gelatinous material (Marteau et 
al., 1994, Supra) . The gel is composed largely of unfer 
mented psyllium polysaccharides (Cabotaje et al., 1994, 
1302-1307). 
0005 Currently used preparations of psyllium seed husks 
have certain disadvantages. Laxative preparations of psyl 
lium Seed husks are generally composed of ground husk and 
have coarse and unpleasant mouthfeel when administered in 
drinks. Psyllium seed husks have been incorporated into 
cookies, crackers and Similar products; however, these prod 
ucts have a tendency to begin to gel unpleasantly in the 
mouth. More significantly, though, psyllium Seed huskS can 
Swell in the esophagus, producing an esophageal obstruction 
that can cause choking. For this reason, psyllium Seed husk 
preparations are not recommended for ingestion by perSons 
who may have difficulty Swallowing (e.g., elderly persons). 
Finally, the recommended daily dose of psyllium husk of 
3.5-11g per day is inconvenient to ingest in any form. What 
is needed is a form of psyllium husk that is convenient and 
pleasant to use. 
0006 Psyllium seed husk has many of the properties of 
Soluble dietary fiber Sources. Commonly used Sources of 
Soluble dietary fiber include pectin, gums and oat bran. 
Soluble dietary fiber (SDF) has many uses in food and 
medicinal preparations. Soluble fibers are components of 
minimally processed food Sources Such as oats, oat bran and 
barley, or are available as concentrates, Such as gums, 
pectins and mucilages. Gums and mucilages are carbohy 
drate polymers that are generally isolated from plant 
Sources. Mucilages in particular produce Slippery or gelati 
nous Solutions in water. Pectins are polymeric chains of 
partially methylated galacturonic acids that also possess the 
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ability to form a gel in water. Most soluble fibers are rapidly 
and completely fermented and have no Taxation properties. 
0007 Sources of soluble dietary fiber that are also vis 
cous lower Serum cholesterol in animals and humans (Mar 
lett, 1997, pp. 109-121, Dietary Fiber and Health, Plenum 
Press, New York, ed. Kritchevsky and Bonfield). The vis 
cosity of the SDF, rather than its fermentation in the gas 
trointestinal tract, is key to its hypocholesterolemic action 
(Marlett et al., 1994, Hepatology 20:1450-1457). Viscosity 
in the lumen of the lower Small intestine interferes with the 
absorption of bile acids and more bile acids are lost through 
the stool. Blood cholesterol is thought to be lowered prima 
rily because it is being used in the liver to Synthesize more 
bile acids to replace those lost. The synthesis of bile acids in 
the liver accounts for 40 to 50% of the daily elimination of 
cholesterol from the blood. However, the addition of one 
Source of Soluble fiber, oat bran, to the diet also increases the 
proportion of deoxycholic acid in the bile acid pool, which 
decreases the absorption of exogenous dietary cholesterol. 
Supplementing the diet with psyllium husk also increases 
the excretion of bile acids by about 50% (Gelissen et al., 
1994, Am. J. Clin. Nutr. 59:395-400). 
0008 Soluble dietary fiber concentrates are also often 
used as thickeners and low calorie fat Substitutes in the food 
industry because of their hydrocolloidal properties (Ward, 
1997, Cereal Foods World, 42:386-390). Low-viscosity 
gums Such as gum acacia have both hydrophilic and lipo 
philic properties that make them ideal as emulsifiers, Sur 
factants and Stabilizers. Pectins and mucilages have gel 
forming properties that made them ideal thickeners of food 
products. Pectins are traditionally extracted from apple and 
citrus fruits. Commonly used mucilages are generally 
extracted from Seaweed and include carrageenan, agar and 
alginate. A fat Substitute can be made by combining gum 
with mucilage and/or pectin to create a compound with the 
emulsifying properties and Smoothness of a fat. 

SUMMARY OF THE INVENTION 

0009. The present invention provides the gel-forming 
component of psyllium Seed husks in a purified form. This 
gel fraction provides the Taxation and hypocholesterolemic 
effects of intact psyllium Seed husks, but is in a form that is 
easily administrable as a tablet, capsule or liquid, without 
certain unpleasant or unsafe qualities associated with the use 
of intact psyllium Seed husks. The gel fraction also has 
utility in treatment of other intestinal abnormalities and 
maintaining normal bowel function, and as a food thickener 
and fat replacement. 
0010. According to one aspect of the invention, a gel 
forming fraction of psyllium Seed husks that Survives micro 
bial fermentation upon passage through a monogastric mam 
malian digestive tract is provided. Among other 
components, the gel fraction comprises predominantly 
Xylose and arabinose in a dry weight ratio of at least about 
(preferably about 3.5). The fraction comprises notably lim 
ited amounts of other sugars, e.g., about 2.5%-13.5% total of 
rhamnose, galactose, glucose and uronic acids. More spe 
cifically, the gel-forming fraction has the following Sugar 
composition, expressed as a percentage of total Sugars: 

0011 between about 0.5% and 4% rhamnose; 

0012 between about 19% and 22% arabinose; 
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0013) 

0014) 

0015 

0016 

0017) 

between about 68% and 76% xylose; 

between about 0% and 0.5% mannose; 

between about 1% and 2% galactose 

between about 0% and 1% glucose; and 
between about 1% and 6% uronic acids 

0.018. Upon further purification, the gel-forming fraction 
becomes even more depleted in rhamnose, glucose and 
uronic acids. 

0019. The gel-forming fraction is also highly viscous, a 
0.2% concentration in formamide having an apparent vis 
cosity of at least 500 sec, preferably 750 sec, and most 
preferably 850 sec. The fraction is soluble in a dilute alkaline 
Solution and forms a gel upon acidification of the Solution to 
a final pH of about 4.5. 
0020. According to another aspect of the invention, in a 
preferred method of obtaining the psyllium Seed husk gel 
forming fraction, a separate carbohydrate fraction is also 
obtained. This fraction is soluble in the dilute alkaline 
Solution and remains Soluble upon acidification of the Solu 
tion to a pH of about 4.5. This fraction is comprised of 
Xylose and arabinose in a ratio of at least about 4:1 and 
further comprises at least about 12% (by weight) rhamnose 
and at least about 15% (by weight) uronic acids. 
0021 According to another aspect of the invention, a 
method of fractionating psyllium Seed husks to obtain a 
gel-forming fraction and an additional carbohydrate fraction 
is provided. The method comprises: (a) mixing the husks, in 
the presence of a chemical reducing agent, in an aqueous 
alkaline Solution comprising between about 0.15 and about 
1.0 M (preferably 0.15-0.5 M, more preferably 0.15-0.4M, 
even more preferably 0.15-0.3 M and most preferably 0.15 
0.2M) hydroxyl ions, thereby fractionating the husks into an 
alkali soluble fraction and an alkali-insoluble fraction; (b) 
removing the alkali insoluble fraction; (c) acidifying the 
alkali soluble fraction to a pH of between about 3 and about 
6 (preferably between about 4 and about 5, most preferably 
about 4.5), which results in the gelation of the gel-forming 
fraction; and (d) separating the gel fraction, e.g., by cen 
trifugation, from the additional carbohydrate fraction con 
tained in the acidified Solution. In preferred embodiments, 
the method further comprises washing the gel fraction with 
an aqueous or buffered Solution and desiccating the washed 
gel fraction. 

0022. In another aspect of the invention, a gel-forming 
fraction from psyllium Seed husks is provided, which is 
produced by the aforementioned procedure. The additional 
carbohydrate fraction is also provided in this aspect of the 
invention. 

0023. According to another aspect of the invention, alter 
native methods are provided for obtaining a polysaccharide 
fraction that contains the aforementioned gel-forming frac 
tion. Such a fraction is obtained by Solvent extraction using 
formamide, dimethylsulfoxide or 4-methylmorpholine 
N-oxide (50% solution in water). The solvent-treated mate 
rial is centrifuged to recover the Soluble materials that are 
then poured into ethanol to achieve a concentration of 80% 
ethanol. The precipitate that forms is Similar in composition 
to the alkali-Soluble gel-forming fraction. 
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0024. According to another aspect of the invention, phar 
maceutical preparations for treatment of constipation or 
other intestinal abnormalities, or for lowering Serum cho 
lesterol levels in a patient are provided. These preparations 
are formulated to contain effective dosages of the psyllium 
seed husk gel-forming fraction of the invention. Methods of 
treating patients for these various conditions are also pro 
Vided, which comprise administering the pharmaceutical 
preparations of the invention. 
0025. Other features and advantages of the present inven 
tion will become apparent from the detailed description and 
examples that follow. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0026. The present invention provides a highly polymer 
ized gel-forming fraction from psyllium Seed husks that has 
great utility in the treatment and prevention of constipation 
and as a hypocholesterolemic agent. This gel fraction 
remains Substantially unfermented during transit through the 
gastrointestinal tract and promotes laxation through a variety 
of means, including increasing moisture content and overall 
mass of Stool and imparting to the Stool a Slippery charac 
teristic that facilitates ease of passage of Stool (Example 6). 
0027. The gel-forming fraction from psyllium seed husks 
has also been demonstrated as a hypocholesterolemic agent. 
Accordingly, the gel-forming fraction may be used alone or 
in combination with other active Substances as a therapeutic 
treatment to lower Serum cholesterol. 

0028 Stool from rats and humans fed psyllium seed 
husks are Sometimes gelatinous (Cabotaje et al., 1994, 
Supra; Example 6). However, attempts to purify and char 
acterize a gel-forming material (Kennedy et al., Carbohy 
drate Res. 75:265-274, 1979; Sandhu et al., Carbohydrate 
Res. 93:247-259, 1981) have not been successful and none 
has provided the highly purified gel-forming fraction having 
the features described in accordance with the present inven 
tion. The method of fractionating psyllium Seed husks 
developed in accordance with the invention has led to the 
unexpected discovery, contrary to published reports (e.g., 
Kennedy et al., 1979, Supra), that a gelatinous, alkali-soluble 
fraction of psyllium Seed husks can be further fractionated to 
form a highly viscous gel fraction (referred to herein as 
“Fraction B”) and a second carbohydrate fraction with 
distinctive compositional features, as described in greater 
detail below (referred to herein as “Fraction C"). Both the 
Viscous, gel-forming Fraction B and the additional Fraction 
C are Soluble in a variety of Substances, including dilute and 
concentrated alkali, formamide, dimethySulfoxide and 
4-methylmorpholine N-oxide (50% aqueous solution); con 
Sequently, these two fractions together can be isolated on the 
basis of these solubility characteristics. However, the further 
Separation of the fractions has been either unsuccessful (e.g., 
a strong alkali-extracted gel-forming fraction was unable to 
be further separated by Kennedy et al., 1979; Supra) or has 
remained unexplored. The present inventors have discov 
ered that, using a Suitable first extraction procedure to obtain 
a product comprising fractions B and C together, that the 
fractions can be separated by acidification of a Solution 
containing a mixture of the fractions. Fraction B is concen 
trated for separation from the acidified mixture by centrifu 
gation, whereas Fraction C remains Soluble in the acid. 
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0029 Description of Carbohydrate Polymers 

0030 The viscous, gel-forming psyllium seed husk frac 
tion of the invention (Fraction B) is comprised primarily of 
Xylose and arabinose. In a preferred embodiment, the gel 
forming fraction has at least 50% xylose and arabinose by 
weight, in a more preferred embodiment at least 75% xylose 
and arabinose by weight, and in a most preferred embodi 
ment at least 85% xylose and arabinose by weight. The 
gel-forming fraction has an apparent Viscosity, as deter 
mined in the method of Example 3, of at least 500 sec, in a 
more preferred embodiment of at least 750 sec, and in a most 
preferred embodiment of at least 350 sec. The gel-forming 
fraction is furthermore particularly deficient in rhamnose, 
galactose and uronic acids, as compared to Xylose. In a 
preferred embodiment, the ratio of weights of Xylose to 
rhamnose is more than 50, in a more preferred embodiment 
the ratio is more than 60, and in a most preferred embodi 
ment, the ratio is more than 65. In a preferred embodiment, 
the ratio of weights of Xylose to galactose is more than 25, 
in a more preferred embodiment the ratio is more than 35, 
and in a most preferred embodiment, the ratio is more than 
42. In a preferred embodiment, the ratio of weights of Xylose 
to uronic acid is more than 15, in a more preferred embodi 
ment the ratio is more than 25, and in a most preferred 
embodiment, the ratio is more than 35. In a preferred 
embodiment, the ratio of weights of Xylose to arabinose of 
Fraction B is between 2.5 and 4.5, in a more preferred 
embodiment the ratio is between 3.0 and 4.0, and in a most 
preferred embodiment, the ratio is between 3.25 and 3.75. 
0031. The acid-soluble psyllium seed husk fraction 
(Fraction C) is also high in Xylose and arabinose. In a 
preferred embodiment, the acid-Soluble fraction has at least 
25%. Xylose and arabinose by weight, in a more preferred 
embodiment at least 40% xylose and arabinose by weight, 
and in a most preferred embodiment at least 45% xylose and 
arabinose by weight. Though Fraction C has an apparent 
viscosity similar to that of fraction B, it does not have the 
gel-forming property of Fraction B. Fraction C is further 
more particularly enriched in rhamnose, galactose and 
uronic acids, as compared to Xylose. In a preferred embodi 
ment, the ratio of weights of Xylose to rhamnose is less than 
6.0, in a more preferred embodiment the ratio is less than 
4.5, and in a most preferred embodiment, the ratio is leSS 
than 3.0. In a preferred embodiment, the ratio of weights of 
Xylose to galactose is less than 40, in a more preferred 
embodiment the ratio is less than 30, and in a most preferred 
embodiment, the ratio is less than 25. In a preferred embodi 
ment, the ratio of weights of Xylose to uronic acid is less than 
30, in a more preferred embodiment the ratio is less than 10, 
and in a most preferred embodiment, the ratio is less than 5.0 
In a preferred embodiment, the ratio of weights of Xylose to 
arabinose of Fraction C is more than 3.0, in a more preferred 
embodiment the ratio is more than 4.0, and in a most 
preferred embodiment, the ratio is more than 4.5. 
0032) Preparation of Psyllium Seed Husk Fractions 
0033. The present invention also provides methods of 
fractionating psyllium Seed husks to yield the purified and 
Separated fractions described above. In its most basic form, 
the method has the following Steps: 

0034) 1. Suspend psyllium seed husks in a dilute alkaline 
aqueous solution (preferably 0.15-0.2 M, hydroxyl ions) 
containing a reducing agent, in which portions of the husk 
material will dissolve, while a certain portion remains 
insoluble; 
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0035 2. Remove the alkaline-insoluble material (referred 
to herein as "Fraction A), e.g., by centrifugation; 
0036 3. Acidify the alkali-soluble fraction of step one to 
a pH of between 3 and 6, preferably 4.5, to yield a gel 
(Fraction B) and an acid-soluble fraction (Fraction C); and 
0037 4. Separate the gel from the acidified solution, e.g., 
by centrifugation. 
0038. One example of this method is taught in Example 
1. Many variations exist to the method that will not sub 
Stantially change the product isolated. These are described in 
detail below. 

0039 The alkaline solubilization step has several varia 
tions. The method taught in Example 1 has improved this 
solubilization over that found in the prior art. Previous 
alkaline Solubilizations of psyllium Seed husk polysaccha 
rides utilized concentrated solutions of base (i.e. 1.2 M 
NaOH, Kennedy et al., 1979, Supra) without a reducing 
agent. Recognizing the harsh nature of this treatment and its 
partial degradation of polysaccharide chains in the gel 
forming fraction, the inventors have demonstrated that a 
gel-forming fraction can be obtained, presumably in a form 
more Suitable for further fractionation, using a much less 
concentrated alkaline Solution and a Suitable chemical 
reducing agent, Such as borohydride. Though up to 4 N 
alkaline Solution can be utilized, the concentration of base in 
the alkaline solubilization is preferably at least 0.15 N and 
not more than 1.0 N; in a more preferred embodiment, at 
least 0.15 N and not more than 0.5 N, and in the most 
preferred embodiment, at least 0.15 N and not more than 
0.2-0.3 N. Any standard base can be used in the alkaline 
extraction, including, but not limited to, Sodium hydroxide, 
potassium hydroxide, lithium hydroxide, ammonium 
hydroxide and tetramethyl ammonium hydroxide. 
0040. A chemical reducing agent, such as borohydride, 
should be added to the alkaline solubilization step to mini 
mize base-catalyzed depolymerization. In Example 1, a 
concentration of 1 g/L of Sodium borohydride is used, but 
effective concentrations range from about 50 mg/L to 10 g/L. 
In a preferred embodiment, the sodium borohydride con 
centration is at least 100 mg/L and not more than 4 g/L, in 
a more preferred embodiment at least 500 mg/L and not 
more than 2 g/L, and in a most preferred embodiment, at 
least 800 mg/L and not more than 1.2 g/L. Other forms of 
borohydride also are Suitable for use in this step, including 
but not limited to, lithium borohydride, potassium borohy 
dride and Sodium cyanoborohydride. 
0041. The degree of initial processing of psyllium seed 
husks may alter the alkaline solubilization in ways that will 
be well known to those skilled in the art. It is important that 
the husk material be processed So that it is in Small pieces, 
in order to allow the Viscous polysaccharides to be easily 
separated from the insoluble and fibrous materials of the cell 
walls. In Example 1, the psyllium Seed husks are milled, but 
any process that pulverizes the plant material can be used, 
and these processes are well known in the art. 
0042. The ratio of seed husk material to alkaline solution 
can be important for efficient Solubilization of the polysac 
charide fractions. In Example 1, a ratio of 2 g psyllium Seed 
husk is added to 400 ml of alkaline Solution, but this ratio 
can be varied without appreciably affecting the Solubiliza 
tion. For instance, the ratio can be varied So as to add as little 
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as about 0.1 g Seed husks or as much as about 4g Seed husks 
to a 400 ml alkaline solution. Additionally, the time of 
solubilization can be varied to optimize the procedure (0.5 
hr-24 hr) at a range of temperatures (4-50° C). 
0.043 Step two of the method of the invention requires 
that the alkaline insoluble materials be separated from the 
alkaline Soluble materials. In Example 1, centrifugation is 
employed to accomplish this objective. However, numerous 
variations and other procedures may be Substituted without 
Substantially changing the Soluble materials isolated. One 
skilled in the art will know how to alter the time and force 
of the centrifugation to adapt the Separation to different 
centrifuge rotors, plant materials and alkaline Solutions. 
Other methods that will accomplish this separation are well 
known in the art. Some of these methods will be better Suited 
to large Scale use of the method of the invention. Separation 
methods of interest include, but are not limited to, flow 
through centrifugation or filtration (with agitation). Example 
1 further teaches washing the insoluble materials with the 
alkaline Solution and re-separation to improve the yield of 
the alkaline Soluble materials. This washing Step is optional 
but can be used to advantage to improve yield. 
0044 Step three requires that the alkaline soluble mate 
rials of Step two be Subjected to acidification. In Example 1 
this is accomplished by adding glacial acetic acid to the 
combined alkaline soluble materials until the pH is adjusted 
to 4.5. The range of pH used for this acid solubilization can 
be varied without substantial effect on the products. In a 
preferred embodiment, the pH is between 3 and 6, in a more 
preferred embodiment, the pH is between 4 and 5, and in a 
most preferred embodiment, the pH is about 4.5 as described 
in Example 1. The choice of acid is also Subject to variation. 
Examples of acids Suitable for use in this step are acetic, 
hydrochloric, Sulfuric, Oxalic, trichloroacetic and trifluoro 
acetic acids, among others. Here as in Step one, the duration, 
temperature, etc. of the Solubilization can be varied, but 
preferably is carried out at ambient temperature for about 2 
hours. 

0.045 Step four requires that the acid insoluble gel-like 
material (Fraction B) be separated from the acid soluble 
materials (Fraction C). Centrifugation is typically employed 
to accomplish this separation. An optional washing of the 
insoluble gel mass (e.g., with water, buffer or other Suitable 
solvent) may also be performed to improve the efficiency of 
the Separation. 
0.046 Preparing Fraction B and Fraction C for storage 
and/or use may employ Several procedures. The polysac 
charide preparations of Fractions B and C may be used or 
stored hydrated. If stored in a hydrated form, preservatives 
or bacterioStatic agents may be added. Drying the polysac 
charide preparations is particularly advantageous for use or 
Storage. In a preferred embodiment, Fraction B and Fraction 
C are desiccated by treatment with 95% ethanol, washing 
with diethyl ether and drying. The fractions also may be 
desiccated with other Solvents, Such as methanol, acetone or 
isopropyl alcohol. Any standard dehydration method (e.g., 
evaporation, lyophilization) may be used to dry the frac 
tions, provided the temperature is maintained at leSS than 
about 40 C. 

0047 III. Uses of Psyllium Seed Husk Fractions 
0.048. The psyllium seed husk fractions of the invention 
have uses as therapeutic treatments. In this regard, the 
Viscous, gel-forming fraction, Fraction B, has been demon 
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Strated effective in promoting Taxation and also as a hypo 
cholesterolemic agent. This material can be used alone or in 
combination with other active Substances in therapeutic or 
prophylactic preparations for constipation, diarrhea and/or 
high Serum cholesterol. Such preparations can incorporate 
the gel-forming fraction in pills, capsules or liquids to be 
administered by mouth. In a preferred embodiment, a dried 
form of the gel is formulated for convenient administration 
as a pill or capsule. The gel re-hydrates upon ingestion. The 
gel-forming preparations can additionally be incorporated 
into food products. Since the active polysaccharides have 
been isolated away from the other plant cell components by 
the method of the invention, they will not have the unpleas 
ant mouthfeel or the necessity to administer large dosages 
asSociated with the psyllium Seed husk preparations cur 
rently in use. 
0049. The unfermented gel-forming polysaccharide from 
psyllium Seed husks is well-known for its laxative effects on 
the monogastric mammalian digestive tract. For an adult 
human, a Suitable dosage of the gel-forming fraction in dry 
form is about 2 g, one to three times a day, to maintain bowel 
regularity and as a treatment for constipation. 
0050 AS described in Example 4, the gel-forming frac 
tion of psyllium Seed husks has been demonstrated as a 
hypocholesterolemic agent. Accordingly, this fraction also 
may be used alone or in combination with other active 
Substances as a therapeutic treatment to lower Serum cho 
lesterol. For an adult human, a Suitable dosage of Fraction B 
in dry form is from about 3 g to about 7 g daily. The psyllium 
husk Fractions B and C of the invention can additionally be 
used as food additives. They may be used as thickeners, 
gel-formers and bulking agents in prepared foods. They may 
also be combined with other food additives to make fat 
mimetic Systems. Because the polysaccharide preparations 
of the invention are partially non-digested, they will addi 
tionally be low calorie, Serum cholestrol-lowering and lax 
ation-promoting. The polysaccharide preparations of Frac 
tions B and C can be used in many of the food products 
where gums and mucilages are currently used. 
0051. The following examples are provided to describe 
the invention in greater detail. They are intended to illus 
trate, not to limit, the invention. 

EXAMPLE 1. 

Fractionation of Psyllium Seed Husks 

0.052 Milled psyllium seed husks (2 g) were stirred with 
0.2 N potassium hydroxide (400 ml) containing sodium 
borohydride (400 mg) in a nitrogen atmosphere for 90 
minutes. The mixture was centrifuged for 20 minutes at 
23,500xg. The Supernatant was decanted from an insoluble 
fraction that had settled out in the centrifuge bottle. The 
insoluble fraction (designated “Fraction A") was stirred with 
fresh potassium hydroxide-sodium borohydride solution 
(100 ml) for an additional 15 minutes and re-centrifuged. 
The Supernatants from both centrifugations were combined. 
The pH of the combined supernatants was adjusted to 4.5 
with glacial acetic acid, with Stirring, at ambient tempera 
ture, then centrifuged for 60 minutes at 25,500xg. The 
Supernatant (Fraction C) was decanted from a gel mass 
(Fraction B) that had settled out in the centrifuge bottle. The 
gel was washed gently with water (50 ml) to remove 
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adhering Supernatant Solution and this wash water was 
added to the Supernatant. The gel fraction was desiccated by 
treatment with 95% ethanol and finally washed with diethyl 
ether and dried. 

0.053 Prior to desiccating Fraction B, in some instances 
the fraction was further purified by repeating the alkaline 
solubilization and acidification steps described above. The 
gel was re-suspended in 0.2N KOH, acidified to pH 4.5 and 
centrifuged to recover the gel. 

EXAMPLE 2 

Measurement of the Sugar Composition of 
Psyllium Seed Husk Fractions B and C 

0.054 The respective sugar compositions of the gel frac 
tion (Fraction B) and the acid soluble fraction (Fraction C) 
produced by the method set forth in Example 1 were 
determined. Results are shown in Table 1. 

TABLE 1. 

Composition of psyllium seed husk fractions (dry 
wt). 

Alkali Soluble 

Psyllium Seed Alkali Acid 
Husks Insoluble Insoluble Acid Soluble 
(2 g) (Fraction A) (Fraction B) (Fraction C) 

Yield (g) O.323 1.164 O.255 
Composition 
(% dry wt) 

Rhamnose 3.17 O.49 0.95 14.86 
Arabinose 1993 33.58 19.45 8.11 
Xylose 49.15 3.16 67.20 38.79 
Mannose 2.17 10.84 O.O O.O 
Galactose 3.83 12.86 1.59 1.89 
Glucose 4.37 1934 O.37 O.75 
Uronic Acids 5.41 3.58 1.74 16.84 
Ratios of 
% dry wts 

Xylose? 15.50 6.45 70.70 2.61 
Rhamnose 
Xylose? 2.47 O.O94 3.46 4.78 
Arabinose 
Xylose? 1283 O.25 42.26 20.52 
Galactose 
Xylose? 9.08 O.88 38.62 2.30 
Uronic 
Acids 

EXAMPLE 3 

Measurement of the Viscosity of the Psyllium Seed 
Husk Gel-Forming Fraction 

0.055 Apparent viscosity of the gel-forming fraction 
(Fraction B) of psyllium husk was determined. The solution 
for apparent Viscosity determination was prepared by Stir 
ring overnight a 0.2% solution of the dry fraction in forma 
mide. The solution was then heated with stirring to 70° C. 
over a 5 minute period, and Stirred for 1 hour at ambient 
temperature. The apparent Viscosity was measured using a 
pipet viscometer (Ostwald Dropping Pipet Viscometer, Cat. 
No. 13-695, Fisher Scientific, Pittsburgh, Pa.). The viscosity 
of the Solution was measured three times and mean values 
determined. 
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TABLE 2 

Apparent viscosity of psyllium seed husk 
Fraction B. 

Apparent Viscosity (sec) 

Alkaline Soluble, Acid 876 
Insoluble Fraction 
(Fraction B) 
Formamide (solvent only) 303 

EXAMPLE 4 

Solvent Extraction of Psyllium Seed Husk 
Components 

0056 Psyllium seed husk components may also be 
obtained by extraction with various solvents. Such solvents 
include formamide, dimethylsulfoxide and 4-methylmor 
pholine N-oxide (50% solution in water). 
0057 Milled psyllium seed husk (2 g) was added in small 
portions to a selected solvent (200 ml) with stirring over 
30-60 min. The mixture was stirred for two days, then 
centrifuged for 40 min at 27,000xg. The pelleted insoluble 
material was resuspended and Stirred in additional Solvent 
(50 ml) for 30 min, then re-centrifuged. The combined 
Supernatants were added, with stirring, to 95% ethanol (5 
Volumes), bringing the final ethanol concentration to 80%. 
Methanol, isopropyl alcohol, acetone or Similar Solvents 
could be substituted for ethanol in this step. The precipitate 
was collected and washed with absolute ethanol, followed 
by diethyl ether, then dried. 
0058. The ethanol-insoluble precipitate that forms is 
Similar in composition to the alkali-Soluble material 
described in Examples 1-3. The Sugar compositions of 
fractions obtained by the foregoing initial Solvent extraction 
are shown in Table 3. 

TABLE 3 

Sugar compositions of fractions (a dry Wi 

4-Methyl 
morpholine Dimethyl 

Formamide N-oxide sulfoxide 

Rhamnose 3.03 3.25 O.48 
Arabinose 18.95 16.54 17.38 
Xylose 65.56 57.47 65.33 
Mannose O.OS O.O O.12 
Galactose 1.54 1.50 1.64 
Glucose O.21 O.22 O.34 
Uronic Acids 4.30 4.69 O.94 

EXAMPLE 5 

Effect of Psyllium Seed Husks and Fractions 
Thereof on Reabsorption of Bile Acids from the 

Small Intestines of Rats 

0059) One of the major sites for the hypocholesterolemic 
action of dietary fiber is in the lower Small intestine (ileum), 
through its effect on bile acids. Bile acids function as 
emulsifiers in the Small intestine to facilitate fat digestion 
and absorption. They are Synthesized from cholesterol in the 
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liver, Stored in the gallbladder and Secreted into the Small 
intestine in response to eating. Bile acids are conserved 
through re-absorption in the ileum and recycling back to the 
liver through the blood. Food is digested and fluid absorbed 
as digesta moves distally in the intestine, Such that in the 
lower third of the Small bowel, the lumenal contents consist 
largely of indigestible material (i.e. fiber) and Some fluid. It 
is now known that many of the viscous soluble fiber sources 
retain their viscosity during transit through the upper gas 
trointestinal tract, and essentially become concentrated in 
the lower gut. The soluble fiber effectively interferes with 
the re-absorption of bile acids in the ileum, the only site in 
the gut that has the necessary transport proteins for bile 
acids. Bile acids lost through Stool are replaced by new 
synthesis in liver from blood cholesterol, which effectively 
lowers blood cholesterol levels. 

0060 Rats were surgically modified by removing the 
cecum and colon, and re-connecting the end of the ileum to 
the rectum. After a recovery period of 7-10 days, these 
animals Secrete Soft, formed material referred to as ileal 
excreta. Ileal excreta is preferred to Stool for measuring the 
effect of a Substance on absorption of bile acids, because 
bacterial transformation of bile acids in the large intestine 
can render up to half of them unidentifiable in stool. 

0061 Test meals were fed to groups of rats. Each meal 
was fed to four rats; the test meals contained 5% fiber as 
either (1) psyllium seed husk (PSH); (2) cellulose (as a 
control); or (3) the amount of a Selected Seed husk fraction 
(A, B or C), singly or combined, that would be present in 5% 
psyllium Seed husks. The test meals also contained a non 
absorbable marker So that the concentration of the marker in 
the ileal excreta could be used to calculate of the amount of 

the test meal that was present in the ileal excreta collected. 

0062) The results of the acute test meal study are shown 
in Table 4. 

TABLE 4 

Bile acids excreted after feeding test meals 
containing various soluble fibers. 

Test Meal Bile acids excreted (umol/g test meal) 

Cellulose 8.32 2.42 
Unmilled PSH 18.41 2.61 
Fraction A 9.07 - 2.75 
Fraction B 16.08 - 3.2O 
Fraction C 13.76 2.71 
Combined A, B, C 15.65 1.37 

Mean + SEM, n = 4 rats 

0.063 An increase in bile acids excreted indicates a 
concomitant decrease in bile acids re-absorbed into the 
blood. An agent that prevents re-absorption of bile acids into 
the blood from the ileum is considered to have hypocholes 
terolemic properties. The results above demonstrate the 
hypocholesterolemic properties of psyllium Seed husks and, 
more notably, of the conveniently-administrable gel-form 
ing fraction, Fraction B, which was essentially equivalent to 
intact psyllium Seed husks in hypocholesterolemic effect. 
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EXAMPLE 6 

The Unfermented Gel Component of Psyllium Seed 
Husks Promotes Laxation as a Lubricant in 

Humans 

0064. In addition to increasing stool weight, a supple 
ment of psyllium seed husks (PSH) produces a stool that is 
Slick and gelatinous. In this example, we demonstrate that a 
gel fraction of psyllium escapes microbial fermentation and 
is responsible for these characteristics that enhance Taxa 
tion. 

0065. Materials and Methods: 
0066 Experimental design. The study consisted of 3 
periods, a Screening phase, the PSH period and the basal 
period. During the Screening phase, Subjects consumed 15 
g/d of Metamucil(R) (5 g/meal) (Smooth Texture Metamu 
cil(R), The Procter & Gamble Co., Cincinnati, Ohio), along 
with their usual diet, for 12 days to provide an additional 8.8 
g/d of dietary fiber. Subjects were asked to complete food 
intake records during d 9-12 to evaluate compliance with a 
protocol and to obtain more information about typical food 
intakes. Two Stools were obtained from each Subject during 
d 9-12 also to evaluate compliance with the protocol. During 
the next 7 days (d 13-19 of the study), Subjects consumed a 
defined, low fiber diet, and with each meal, the PSH and a 
nonabsorbable marker (chromic Sesquioxide, 200 mg/meal). 
For the next two weeks (d 20-33 of the study), Subjects 
consumed their usual diet to allow all of the PSH to be 
excreted. For the 7 days (d 34-40 of the study) of the basal 
phase, the same controlled, low fiber diet and nonabsorbable 
marker, but no PSH Supplement, were consumed. This 
experimental design was based on results of a preliminary 
study. It was observed in the preliminary study that 7-10 d 
of ingesting the Supplement were necessary to achieve a 
high level of PSH excretion. Preliminary observations also 
revealed that it took 7-10 d from ingestion of the last test 
dose for all of the PSH to be excreted. Therefore, the PSH 
period for data collection followed the 12 d of PSH con 
Sumption that constituted the Screening phase and a croSS 
over experimental design was not employed. 

0067 Stools and qualitative bowel response, food intake 
and activity data were collected daily during both weeks of 
controlled diet. This study was approved by the College of 
Agricultural and Life Sciences Human Subjects Committee, 
University of Wisconsin-Madison. 

0068 Subjects. Twenty-one of the 33 individuals who 
responded to local advertisements were enrolled in the 
Screening phase. Criteria for exclusion from the Screening 
phase were: lactose intolerance, non-omnivorous diet and 
unwillingness to follow a specified diet. Subject compliance, 
reliability, availability and attitude were evaluated during 
the Screening phase, and 15 Subjects (8 males and 7 females) 
were Selected to participate in the Study. Fourteen Subjects 
completed the study. (Data from one subject who admitted 
to not providing all Stools during the Specified collection 
periods were deleted from the final analysis.) Subjects 
ranged in age from 18-30 yr (meani-SE, 24+1 yr) and were 
of normal body weight for height (body mass index, 
24.2+0.9). 
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0069 Diet. All subjects consumed fixed diets during the 
PSH-Supplemented and basal phases consisting of foods 
provided to them as part of the Study. Breakfast was con 
Sumed at home and consisted of Rice Krispies(E) cereal, skim 
milk, orange juice, white bread, margarine or butter, and 
jelly. Lunch consisted of a Sandwich, fresh fruit, and milk. 
The evening meal consisted of a meat, a Starch Source, Salad 
and dessert. Subjects consumed prescribed amounts of the 
menu foods. The amounts of bread and milk varied with 
daily energy needs. Limited amounts of fiber-free Snacks 
and alcohol also were permitted. Coffee was allowed ad 
libitum. Subjects were Supervised at the evening meal. 
Consumption of the Supplement and nonabsorbable marker 
was verified daily when empty packets were exchanged for 
the next days allotment of Supplement. 

0070 Data and Sample Collection. All stools excreted 
during the PSH and basal phases of the study were indi 
vidually collected, refrigerated promptly, and weighed and 
frozen within 8 h of collection. Subjects evaluated each stool 
using a 9 point rating Scale consisting of: -4 disagree the 
most, -3 disagree extremely, -2 disagree very much, -1 
disagree, 0 neutral, +1 agree, +2 agree very much, +3 agree 
extremely, and +4 agree the most possible. 

0.071) Subjects completed daily food intake records to 
verify consumption of the items in the controlled diet. 
Physical activity forms were completed daily to identify any 
major changes in daily routine. Daily routines for each 
participant remained consistent throughout the two weeks of 
Sample collection. 

0.072 Analyses. Stools excreted during d 4-8 of each 
controlled diet period (d 16-20 and d 37-41 of the study) 
were thawed, pooled for each Subject by hand mixing and 
re-frozen until use or processed as outlined below. Duplicate 
aliquots (3 g) were dried (16 h, 70° C.) to determine 
moisture content (Marlett et al., JNCI 76: 1065-1070, 1986). 
Stool chromium content was determined using a modifica 
tion (Hosig et al., Cereal Chem. 73: 392–398, 1996) of the 
method of Guncaga et al. (Clin. Chim. Acta 47: 77-81, 
1974). Portions of pooled stool were lyophilized for dupli 
cate (25 mg) determinations of neutral and amino Sugar 
content by gas chromatography as the alditol acetate deriva 
tives after acid hydrolysis and reduction (Kraus et al., J. 
Chromatog: 513: 71-81, 1990; Monsma et al., Appl. Envi 
ron. Microbiol. 58: 3330-3336, 1992) and for uronic acid 
analysis using a colorimetric assay (Blumenkranz et al., 
Anal. Biochem. 54: 484-489, 1973). An aqueous extract of 
thawed, pooled Stool was used to determine the relative 
Viscosity of Stool (Ostwald dropping pipet Viscometer, Cat. 
No. 13-695, Fisher Scientific, Pittsburgh, PA). Aqueous 
fractions were obtained by Vortexing aliquots (2 g) with 
water (10 ml), centrifuging (30,000xg, 30 min, 4° C), and 
recovering and re-centrifuging the Supernatant. 

0073. The fractionation procedure to isolate the compo 
nent responsible for the gel characteristic was applied to 
thawed aliquots of pooled stool from each subject from both 
diet periods. Aliquots (25 g) were de-lipidated and Subjected 
to base (0.18 N KOH) containing sodium borohydride 
(0.026 M) to minimize base-catalyzed depolymerization. 
The alkali soluble fraction was acidified to pH 4.5 with 
glacial acetic acid and a precipitate (Fraction 1) recovered 
by addition to ethanol. Fraction 1 was Suspended in water, 
heated to boiling, centrifuged and the Supernatant reduced in 
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Volume by roto-evaporation. The concentrate was added to 
ethanol to give a final alcohol concentration of 70%. The 
fibrous mass which formed by addition of the concentrated 
Supernatant to ethanol was washed with ethanol, ether and 
Vacuum dried. This material represented the gelatinous 
component of PSH stools (Fraction 2). No precipitate 
formed at this point during the analysis of the control Stool 
Samples. Neutral and amino Sugar contents and uronic acid 
concentrations were determined on aliquots of this material, 
as outlined above. 

0074) Macronutrient and energy contents of the planned 
menus and of the daily intakes of each Subject were calcu 
lated using nutrient composition tables. Dietary fiber intakes 
were calculated from food intake records using a detailed 
database of the fiber content and composition for US foods. 
The sums of the daily intakes on d2-6 of each controlled diet 
period (d 14-18 and d 35-39) were used as the intake of the 
neutral SugarS (glucose, arabinose, Xylose, mannose, galac 
tose) and the uronic acids for the determination of apparent 
digestibility of fiber-derived Sugars. The Sugar composition 
of the PSH Supplement also was measured by gas chroma 
tography after acid hydrolysis, as outlined above. Fecal 
excretion of SugarS was adjusted to reflect excretion of 5 d 
of intake using the content of chromium in the pooled Stool 
(Chen et al., Am. J. Clin. Nutr. 68: 711–719, 1998). Apparent 
digestibilities of fiber-derived Sugars were calculated as the 
difference between intake and excretion, and expressed as a 
percentage of intake (Chen et al., 1998, Supra). 
0075 Statistical Analyses. Data are reported as the 
meantSE. Data collected during the basal and psyllium 
Supplemented phases of the Study were compared by one 
way analysis of variance using SAS computer program 
Software release 6.12. Significant differences were identified 
by the least significant difference means Separation test. 

0.076 Results: 
0077. The first fraction (Fraction 1) recovered by the gel 
isolation Scheme was extracted from both basal and PSH 
containing stools; this alkali-soluble fraction from PSH 
stools was significantly larger (P<0.0005) than that extracted 
from basal excreta. An ethanol-precipitable fraction (Frac 
tion 2) that was gelatinous was extracted by hot acqueous 
treatment of the alkali soluble fraction from stool of subjects 
consuming the psyllium Supplement. No gelatinous fraction 
was extracted from Stool collected during the basal, low fiber 
phase of the Study. 

0078. The major component in Fraction 2 isolated from 
Stool of the 14 Subjects consuming PSH was a polysaccha 
ride that contained 763-18 mg of Sugar/g of Fraction 2, most 
of which was xylose (64+1%) and arabinose (27+0%); the 
remainder of the Sugars was (%) 2 glucose, 3 galactose, and 
3 other Sugars (fucose, ribose, mannose, myoinositol, 
muramic acid, glucosamine and galactosamine). The Xylose 
and arabinose in this gel fraction accounted for 53.9+2.1 and 
31.1+1.4% of the respective Sugar in feces. 

0079 Since no fraction was obtained from basal excreta 
comparable to the gel isolated from the PSH-containing 
Stool, aqueous extracts of Stool were prepared for a com 
parison of the relative viscosity of stool from the two study 
periods. The apparent Viscosity of the aqueous extract of the 
PSH-containing stool was significantly greater (p<0.01) than 
that of the basal, low fiber excreta, 238+38 VS 128-7 Sec. 
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0080. The PSH Supplement increased mean daily wet 
output from 117+7 to 188+13 g/d (P<0.0001), mean daily 
dry output from 29+2 to 37+2 g/d (P<0.0001), and stool 
moisture from 74.4+0.9% to 80.2+1.0% (P<0.05). Other 
measures of large bowel function also were significantly 
different. The mean wet weight of each stool increased from 
121+6 to 173+14 g (P<0.005), mean dry weight of each stool 
from 30+2 to 34+3 g (P<0.0001), and defecation frequency 
from 1.0+0.1 to 1.1+0.1 (P<0.05) when PSH supplement 
was consumed. 

0081. The mixed food controlled diet contained a mixture 
of fiber-derived Sugars and the apparent digestibility of the 
fiber-derived total neutral Sugars was 67+4% during the low 
fiber basal period. The composition of the PSH preparation 
was (mg/g): 21 rhamnose, 127 arabinose, 325 xylose, 8 
mannose, 25 galactose, 44 glucose, 35uronic acids, 19 ash, 
18 crude protein and 346 coating. Apparent digestibilities of 
the fiber-derived xylose and arabinose decreased (P<0.001), 
while uronic acid digestibility increased (P<0.03) when the 
Supplement was ingested. Subtracting Xylose and arabinose 
excreted during the basal diet period from the amounts of 
these Sugars in the PSH-containing Stool provides a means 
of estimating the apparent digestibility of the two major 
Sugars in PSH. The apparent digestibilities of the xylose, 
arabinose and total neutral Sugars provided by PSH were 
59+5, 28+7 and 54+9%, respectively and were variable. 
0082) The test dose of PSH was well tolerated by all 
Subjects. Compared to large bowel function during the basal 
period, PSH resulted in gentler bowel movements, softer 
Stools that were easier to pass, greater ease of wiping, a 
feeling a complete relief, and increased bulk. The PSH 
Supplement had no effect on abdominal cramping, an urge to 
defecate, or experience a repeat bowel evacuation, nor did it 
cause diarrhea, although Subjects perceived more flatulence 
and bloating. Although Soft and formed, most Stools were 
visibly gelatinous and would vibrate when agitated. The 
macronutrient and dietary fiber contents provided by the 
foods in the diet did not change when the PSH Supplement 
was consumed. 

0.083 Thus, in contrast to other viscous fibers that are 
completely fermented in the colon, a component of psyllium 
is not fermented. The results of the foregoing Study indicate 
that, by functioning as an emollient and a lubricant, the 
unfermented gel isolated from PSH-containing Stool repre 
Sents a new mechanism of Taxation for a dietary fiber. 
0084. The present invention is not limited to the embodi 
ments described and exemplified above, but is capable of 
variation and modification without departure from the Scope 
of the appended claims. 

We claim: 
1. A gel fraction of psyllium Seed husks that Survives 

microbial fermentation upon passage through a monogastric 
mammalian digestive tract, Said fraction comprising Xylose 
and arabinose in a dry weight ratio of at least about 3:1 and 
further comprising less than about 2% (by weight) rham 
OSC. 

2. The gel fraction of claim 1, wherein the Xylose to 
rhamnose dry weight ratio is greater than 50. 

3. The gel fraction of claim 1, which comprises galactose, 
having a Xylose to galactose dry weight ratio that is greater 
than 25. 
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4. The gel fraction of claim 1, which comprises uronic 
acids, having a Xylose to uronic acids dry weight ratio that 
is greater than 25. 

5. The gel fraction of claim 1, having a Sugar composition, 
based on percent dry weight, of: 

between about 0 and 3.5% rhamnose; 
between about 15 and 20% arabinose; 
between about 55 and 70% xylose; 
between about 0 and 0.5% mannose; 
between about 1 and 2% galactose 
between about 0 and 0.5% glucose; and 
between about 0.5 and 5% uronic acids. 
6. The gel fraction of claim 1, having an apparent vis 

cosity in formamide of at least 500 sec. 
7. The gel fraction of claim 1, which is soluble in a dilute 

alkaline Solution and which forms a gel upon acidification of 
the solution to a final pH of about 4.5. 

8. A pharmaceutical preparation for treatment of consti 
pation in a patient in need of Such treatment, comprising an 
effective dose of the gel fraction of claim 1. 

9. The pharmaceutical preparation of claim 8, wherein the 
effective dose is between about 2 and about 6 g, based on dry 
weight, of the gel. 

10. A pharmaceutical preparation for treatment of high 
blood cholesterol in a patient in need of Such treatment, 
comprising an effective dose of the gel fraction of claim 1. 

11. The pharmaceutical preparation of claim 10, wherein 
the effective dose is between about 3 and about 7 g, based 
on dry weight, of the gel. 

12. A carbohydrate fraction of psyllium Seed husks, Said 
fraction being Soluble in a dilute alkaline Solution and 
remaining Soluble upon acidification of the Solution to a pH 
of about 4.5, Said fraction comprising Xylose and arabinose 
in a ratio of at least about 4:1 and further comprising at least 
about 12% (by weight) rhamnose and at least about 15% (by 
weight) uronic acid. 

13. A method of fractionating psyllium Seed husks to 
obtain a gel fraction and an additional carbohydrate fraction, 
the method comprising: 

a) mixing the husks in an aqueous alkaline Solution 
comprising between about 0.15 and 1.0 M hydroxyl 
ions, thereby fractionating the husks into an alkali 
Soluble fraction and an alkali-insoluble fraction; 

b) removing the alkali insoluble fraction; 
c) acidifying the alkali soluble fraction to a pH of between 

about 3 and 6, thereby obtaining a gel fraction, and an 
acidified Solution comprising the additional carbohy 
drate fraction; and 

d) Separating the gel fraction from the Solution containing 
additional carbohydrate fraction. 

14. The method of claim 13, wherein the husks are mixed 
in an aqueous alkaline Solution comprising between about 
0.15 and 0.3 M hydroxyl ions. 

15. The method of claim 13, wherein the alkali soluble 
fraction is acidified to a pH of about 4.5. 

16. The method of claim 13, which further comprises 
Washing the gel fraction with an aqueous Solution. 

17. The method of claim 16, which further comprises 
desiccating the washed gel fraction. 



US 2002/0142054 A1 

18. A gel fraction from psyllium Seed husks, produced by 
the method of claim 13. 

19. A pharmaceutical preparation for treatment of consti 
pation in a patient in need of Such treatment, comprising an 
effective dose of the gel fraction of claim 18. 

20. The pharmaceutical preparation of claim 19, wherein 
the effective dose is between about 2 and about 6 g, based 
on dry weight, of the gel. 

21. A pharmaceutical preparation for treatment of high 
blood cholesterol in a patient in need of Such treatment, 
comprising an effective dose of the gel fraction of claim 18. 

22. The pharmaceutical preparation of claim 21, wherein 
the effective dose is between about 3 and about 7 g, based 
on dry weight, of the gel. 

23. A carbohydrate fraction from psyllium Seed husks, 
produced by the method of claim 13. 

24. A method of treating constipation in a patient in need 
of Such treatment, which comprises administering to the 
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patient the pharmaceutical preparation of claim 8, in an 
amount and for a time effective to relieve the constipation. 

25. A method of treating constipation in a patient in need 
of Such treatment, which comprises administering to the 
patient the pharmaceutical preparation of claim 18, in an 
amount and for a time effective to relieve the constipation. 

26. A method of lowering Serum cholesterol in a patient 
in need of Such treatment, which comprises administering to 
the patient the pharmaceutical preparation of claim 8, in an 
amount and for a time effective to lower the patient's Serum 
cholesterol. 

27. A method of lowering Serum cholesterol in a patient 
in need of Such treatment, which comprises administering to 
the patient the pharmaceutical preparation of claim 18, in an 
amount and for a time effective to lower the patient's Serum 
cholesterol. 


